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PREFACE

This report prasenis the results of a study performed by the Hanford
Environmental Surveillance Program to investigate the general characteris-
tics of ground water entering the Columbia River from the Hanford Site.

The Hanford Environmental Surveillance Program is conducted at the
Hanford Site by the Pacific Northwest Laboratory, which is operated by
Battelle Memorial Institute for the United States Department of Energy.
Radiologic conditions in the Hanford environment are monitored and a record
is provided of radionuclides and radiation Jevels attributable to natural
causas, worldwide fallout, and Hanford operations.

In addition to routine monitoring activities, special studies are con-
ducted that perfodically intersify investigations of specific aspects of
the Hanford environment. These special studies serve to update or expand
the program's data base, as necessary, with regard to those aspects of the
Hanford environment which have the potential to change notably with time.

The study described herein was conducted between the fall of 1982 and
the fall of 1983 to supplement the efforts of the Environmental Surveil-
lance Program, which evaluates grouad-water discharges to the river indi-
rectly through routine sampling and analysis of Columbia River water.
Ground-water dischargas are also evalueted by the Ground-dater Surveillance
Program, which monitors the unconfined aruifer beneath the Hanford Site.
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SUMMARY

Ground-water discharges to the Columbia River are avaluated by the
Hanford Environmental Surveillance and Ground-Water Surveillance Programs
via monitoring of the Columbia River and Hanford ground water, respectively.
Both programs have concluded that Hanford ground water has not adversely
affected Columbia River water quality downstream from the Hanford Site, nor
has 1t affected the public through use of the river as a source of municipal
drinking water, for {rrigation of foodstuffs, or for fishing and other forms
of recreation,

This report presents the results of a study undertaken to supplement
the efforts of the above mentioned programs by investigating the general
characteristics of ground water entering the Columbia River from the hanford
Site. Specific objectives of the exploratory investigation were to identify
general shoreline areas where Hanford-related materials were entering the
river via ground-water seepage, and to evaluate qualitatively the physical
characteristics and relative magnitudes of those discharges.

The study was conducted in twec sequential phases between October 1982
and September 1983, Phase 1 invoived visual inspection of approximately 41
miles of Columbia River shureline, within the Hanford Site, for indications
of ground-water seep2ge. As a result of that inspection, 115 “sprinos”
suspected of discharging ground water were observaed and recorded. These
springs were accessible only during the periods of Tow water level caused
by reductions in Columbia River discharge rates from Priest Rapids Dam.

Durirg Phase 2, water samples were collected from a distribution of
these springs and analyzed for Hanford-related materials known to be present
in the ground water. The specific materials used as ground-water indicators
for the majority of sanples were tritium and nitrate (as H0§) due to their
predominance in much of *he Hanford ground water. Uranium anziyses were
used in place of tritium for samples collected in the vicinity of the 300
Area where uranium is a primery ground-water constituent. The magnitude
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‘ and distribution of concentrations measured in the spring samples were con-
. ) sistent with concentrations of these materials measured in ground water
' near the sampled spring locations.

s b

Water samplies were also collected from the Columbia River to investi-
gate the localized effects of ground-water discharges occurring above and _
below river level. These samples were collected within 2 to 4 m of the i
Hanford shoreline and analyzed for tritium, nitrate, and uranium. Elevated
concentrations were measured in river samples collected near arezs where '
ground-water and spring concentrations were elevated. A1l concentrations %
were well below applicable DOE Concentration Guides. s

Al et . ekt

K gt
- ﬁi‘h.;« ‘n‘;m <

£
= w

e DU

oM Had - e

e

R
i H

Eay

3

i

4
E

heS L UNET T




PREFACE - - L) L] - L] - - - - L] L] - - - - 1“'1
ACKNOMLEDBMENTS . . « o« o+ ¢« o o o« o o o = = v
SUMMARY . . . . v e s e s e e e s e e vii

T e TN R

A INTRODUCTION « «  + & o o o o o o o o o o = 1
- BACKGROUND INFORMATION . . . . « =« =+ « « =« « . 3
L PHASE 1: SHORELINE INSPECTION ~ . . . . o « o « . . 6
f ) METHODS . « o« v« o o o+ e e e e 6
] RESULTS »  «  + o v o v e e e e e e e 7
i PHASE 2: SAMPLING AND ANALYSIS . . . . .+« .+ « + « . 9
; SAMPLING METHODS . . . .+ + o « = & & o + 9
- ANALYTICAL METHODS . . « « « o o & + o " 11
A RESULTS &« & o v o e e e e e e e 12
,‘!g_ CONCLUSIONS . + = &« ¢« v o o 4 e e« o 19
; REFERENCES . . .. e e e e e e e 20

APPENDIX A - SHORELINE INSPECTION AND SPRING LOG . . . . . . A.l
APPENDIX B - ADDITIONAL ANALYSES . . . . . .. .« =+ .+ . B.1
APPENDIX C - SUMMARY OF SAMPLE COLLECTIOM AND ANALYTICAL RESULTS . . c.a1

ix




rad

=k

Al
8.1

B.2
B.3
B.4
c.1

FIGURES

Ground-Water Seepage Study Area . . . . . . .+ .+ .

Distribution of Average Trit.ium Concentrations Measured in the
Unconfined Aquifer During 1983 . . . . . . . . .

Locations and Analytical Results for Spring and River Samples
from River Mile 3 through River Mile 12 . . . . . . .

Locations and Analytical Results for Spring and River Samples
from River Mile 14 t* ~ough River Mile 22 . . . . . .+ .

Locations and Analytical Results for Spring and River Samples

from River Mile 27 through River Mile 33 . . e e e s

Locations and Analytical Results for Spring and River Samp!es

from River Mile 41.5 through River Mile 44 . e . .
TABLES

Comparison of Tritium Concentrations in Hanford Shoreline and
Columbia River Samples e e s e e e e e e s

Shoreline Inspection Record . . . . . . .
Strontium-90 Analyses from Columbia River Samples . . . .

lodine-129 Analyses from Spring Samples . . . . . .

Gross Beta Analyses from Spring Samples . . . . . . .
Technetium-99 Analyses from Spring Samples e e e r e .
Summary of Sample Collection and Analytical Results . . . .

15

16

17

18

13
A.2
6.3

B.3

B.4
B.5

C.1




INTRODUCTION

In the fall of 1982, the Hanford Environmental Surveillance Program
initiated o study of the Hanford shoreline of the Columbia River to expand
its data on ground water entering the Columbfa River. Specific objectives
of the exploratory investigation were to identify general shoreline areas
where Hanford-related materials were entering the Columbia River via ground-
water seepage, znd to evaluate qualitatively the physical characteristics
and relative magnitudes of those discharges.

The study was conducted in two sequential phases. Phase 1 involved
visual inspection of the Hanford shoreline to locate shoreline springs and
record their physical characteristics. In Phase 2, based on the information
obtained during Phase 1, selected springs and locations in the Columbia
River were sampled and analyzed for tritium and nitrate. These materials
were chosen as ground-water indicators for the bulk of samples because of
their predominance in much of the Hanford ground water. Uranium analyses
were used in place of tritium for san;les collected in the vicinity of the
300 Area where uranium is a primary ground-water constituent.

The study area encompassed 41 miles of Columbia River shoreline extend-
ing from approximately 1 mile upstream from the 100-B Area to approximately
1 mile downstream from the 300 Area (Figure 1). This area was selected,
after review of ground-water surveillance data, to encompass all shoreiine
areas potentially affected by Hanford ground water.

Specifically excluded from the scope of this study were investigations
of ground-water discharges as a function of time or Columbia River flow
rate. Field investigations, to the extent possible, were scheduled to coin-
cide with the occurrence of low river level in order to observe ground-water
discharges under their probable maximum flow conditions. Alsc cutside the

I T

scape of this study were direct investigations of ground-water discharges
that did not occur on or very near toc the Hanford shoreline. These poten-
tial discharges were investigated indirectly through analysis of water sam-
ples collected from the Columbia River near the Hanford shoreline.
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FIGURE 1. Ground-Water Seepage Study Area




BACKZROUND INFORMATION

Operations at the Hanford Site have resulted in the disposal of large
volumes of clean and moderately contaminated cooling water and other process
wastes to the ground. The buik of radioactive materials in these streams
was retained in the soil beneath the discharge points. Filtration and sorp-
tion by the soil column accounted for that retention, with only the more
mobile materials traveling downward to the unconfined aquifer beneath the
site. These operations and processes are discussed in detafl in USERDA
{1975) and Prater et al. (1984).

The Hanford Ground-Water Surveillance Program is responsible for woni-
toring the unconfined aquifer via a network of ground-water sampling wells.
Monitoring data have indicated that mobile materials, including tritium,
1291, 99Tc, and nitrate, have migrated with the ground water as it fiows
beneath ths site. A contour map of tritium concentration in the unconfined
aquifer during 1983 illustrates this migration (Figure 2). Because the
urconfined aquifer beneath the Hanford Site discharges into the Columbia
River, the ground-water program personnel have concluded that Hanford
related materials present in ground water near the shoreline are entering
the river along with the aguifer's flow.

The Coiumbia River is monicored through the Hanford Environmental Sur-
veillance Program. Samples of river water are collected at locations
upstream and downstream from the site and analyzed for a variety of radio-
active and nonradicactive materials. Hanford contributions to the river
are evaluated through comparison of these amaiyses. Increases in down-
stream concentrations relative to those upstream are interpreted to be the
result of Hanford discharges.

The last once-through cooling re:ctor was shut down in the early 1970°s
(USERDA 1975), leaving N reactor as the only production reactor in opera-
tion. Since that time, the only radicnuclide routinely identified at
extremely low concentrations in downstream samples, but higher relative to
upstream, has been 129I {Price et al. 1984}. During 1982, the upstream




119215

22°30 46°40" I

True Magnetic
North North

Columbia River

7

Ll -t
= //////////////////

| Zy
o Tritium, pCi/t x 10° -
2o 1983 :
1 1<
in m 1-30 ////;/}mé Hills :_.—.:
= g5 21-300 // .
{om |IIII:>300 4éggéfi;//, ‘2 
o Estimated Basalt Qutcrop

Above Water Table

e == e =T ]
0 1 2 3 4 5
Miles

|-~ — __ —
0123458619
Kilometers

ﬂm

FIGURE 2. Distribution of Average Tritium Concentrations Measured
in the Unconfined Aquifer During 1383 (Prater et al. 1984)

)

4

L Smemii e

R i -E-Fsg-m' i ”E Eiﬁ" Lo
T eI | e - Y Ep s

-




. e el e ——

concentration of 1291 in the Columbia River averaged 6.2 X 10'6 +7.8X
10"6 pCi/2 while downstream averaged 6.5 X 10'5 +3.3X 10'5 pCi/t. Poten-
tial onsite sources of this radionuclide have been the N reactor, which
discharges small quantities of 1291 as a result of it's operations, and the
Zcolg;ea ground-water ptume, shown in Figure 2, which contains low jevals
of 1,

In order to differentiate the contributions of these two sources to

' , the measured downstream concentrations, the surveillance program personnel

P conducted a special study during 1981 and 1982. During this period of time,
¢ a third river sampler was installed and operated at a location downstream
from the N reactor and upstream from the arer whers the 200 Area grrund-
water plume contacts the river. The result:z - f that study indicated that N
reactor discharges did not produce a deteclable effect on concentrations of
1291 in the river and that 129I in ground watsr entering the river down-
stream from the third sample location was the source of the elevated down-
stream concentrations.

Ground-water discharges via springs along what is now the Hanford
shoreline have been documented as early as 1922 in a report describing the
underground water supply in this region {Jenkins 1922). The routine evalua-
tion of ground-water springs associated with known Hanford sources dates
back to the mid 1960's. Springs in the vicinity of the 300 Area retertion
basin and domestic sewage leaching pits were routinely sampled and analyzed '
f= for selected biolcgical, chemical, and radiclogical corstituents. Springs ;;
on the shoreline near N reactor, resulting from the establishment of a
liquid waste crib, have been, and continue to be, monitored routinely
(Eliason 1967; Rokkan 1984; Greager 1982). In addition to these routine
evaluations, smaller scale investigations were periodically conducted.

Y -

I o eae et 1m mmencne 4 o o e b ok o i B - St Sk
> . d R
* > . ) . o ! fa .. . c *
» . . . . . z -] . r, 2 "o,

o




PHASE 1: SHORELINE INSPECTION

The shoreline was visually inspected to locate accessible ground-water
discharges and to record their physical characteristics prior to sampling

' and analysis. Although the discharges from shoreline springs may have con-
-+ sisted primarily of river water which had entered the bank during previous
: high water, all locations were recorded and assumed to be ground water
(refer to Prater et al. 1984 for a discussion of "bank-storage”). Inspec-
tions were scheduled to coincide with anticipated low water level and were
terminated if the water level increased to the point that springs were inun-
dated.

METHODS

Inspection of the shoreline was accomplished by walking near the
water's edge at low river stage and noting indications of seepage. As
springs were observed, they were assigned a unique identification number
and their location was recorded. Because a consistent method was needed
for relating spring locations to physical landmarks, all spring identifica-
tion mumbers and location descriptions were referenced to the Hanford river

mile {(RM) post system, i.e., numbered markers located on the Hanford shore-
1ine of the Columbia River at one-mile intervals indicating shoreline dis-

tance downstream from the Vernita Bridge (see Figure 1). The upstream and
downstream boundaries of the study area were RM 3 and RM 44, respectively.
{RM 3 and RM 44 correspond approximately to USGS river miles 385 and 344
respectively, which are river miles measured upstream from the mouth of the
Columbfa River.) Recorded spring locations were numbered sequentially from
the nearest upstream river mile. For example, the first spring downstream
from RM 27 was numbered 27-1; the srcond was 27-2, etc.

CER T

In addition t¢ numbering and recording the location of each spring,
the *“ollowing observations were recorded:

®* physical description of the spring and its location
* prelative magnitude of the spring flow rate
* temperature of the spring water
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* proximity to other landmarks
* river condition, 1.e., high/low, rising/falling
®* time and date.

The shoreline inspection was conducted on nine days between November

4, 1982 and January 3, 1983, The inspection took advantage of a Grant
County Public Utility District (PUD) flow reduction program that coincided
with the inspection schedule. The PUD reduced the Columbia River flow rate
fro- Priest Rapids Dam, located 12 miles upstream from the Hanford Site, to

cfs between 12:00 am and 6:00 am during the period Cctober 15 through
November 30, 1982, (The average monthly flow rate below Priest Rapids Dam
in 1982 ranged from 80,000 to 210,000 cfs.) During, and for a short time
following, these periods of reduced flow rate, abnormally low river levels
were experienced along the Hanford reach ov the Columbia River,

Inspection of the shoreline was complicated by the fact that most vis-
ible seepage occurred very near the river/shoreline interface which varied
in elevation very rapidly due to changes in water flow rates past Priest
Rapids Dam. Several springs were inundated by the rising river as their
locations were being recorded, while others were observed to.begin flowing
as the river level fell. It was apparent that few, if any, of the observed
springs were located far enough up the bank to escape being covered by the
river for some portion of each day. Beth the frequency of occurrence and
magritude of spring flows varied with fluctuating river level; these vari-
able river conditions during the course of this investigation precluded
uniform conditions for observing the springs.

RESULTS

Within the 41 miles of Hanford shoreline covered by the inspection,
115 river-bank springs were observed and documented (Appendix A). Three
general types of river-bank springs were observed during the inspection:

* trickle< or streams, above the current river level, emanating from
rock covered banks -- This ranged from small trickles to relatively
large flows over broad areas. These flows appeared to emanate directly
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from voids within unconsoiidated gravels or from the interface hetween
large rocks and surrounding saturated sand and silt. These types of
springs were observed as high as two feet above the existing river
level. Drainage patterns caused by these springs were observed on the
river bottom indicating more extensive seepage at lower river levels.

* vertical "percolation" of water, both above and below the level of the
river, from areas covered with fine sand and silt -- The percolations
were upward flowing vertical columns of water that originated from a
layer of unconsclidated coarse sand or gravel sandwiched horizontally
between Tayers of fine sand or silt. This type of spring was not
observed higher than 2 to 4 {nches above the existing river level and
was more often found at or below river level (as deep as 18 inches
below the river surface).

saturated sand and silt containing free water above the levcl of the
river -- This type of seepage was observed in the narrow beach areas
found at the base of bluffs and sand dunes. Free water commonly broke
through the surface of the sand to form small rivuiets flowing into
the river. Holes dug into the beaches collapsed quickiy and filled

with water. In addition, layers of coarser sand were often observed
to underlie these beaches and to contain additional free water.

No evidence of seepage from the bank was observed above the mean annual
high-water elevation (vegetation 1ine), and there was seldom evidense of
seepage, either current or past, above the elevation of recent high water.
Although active seepage was observed on the bank as high as 2 vertical feet
above the river, most visible seepage was within approximately 1 foot of
the existing river level.




PHASE 2: SAMPLING AND ANALYSIS

The objectives of sampling and analysis were to identify the general
areas of Hanford shoreline where Hanford-related materials were entering
the Columbia River via ground-water seepage and to evaluate qualitatively
the relative magnitudes of those discharges. This was accompiished by ana-
1yzing water sampies collected from a distribution of shoreline springs as
well as locations in the river for materials chosen to be indicators of
Hanford ground water. As witk the shoreline inspection, sample collection
was scheduled to coincide with periods of low water level in the river,

SAMPLING METHODS

The sampling schedule and methods were developed based on information
obtained during the shoreline inspection, With the exception of those
areas where springs were not observed, spring sampiing locations were
selected from the shoreline inspection record (Appendix A)\to provide a
sample at approximate half-mile intervals along the 4l-mile.study area.
Columbfa River water samples wh{e also collected at ha1f—m1ﬁg intervals,
but only along those sections of shoreline where ground waten monitoring
data had identifiad the presence of honford-related materials in the ground
water (see Figure 2). Shoreline sections for RM 3 through RM 12, RM 14
through RM 22, RM 27 through RM 33 and RM 41 through RM 44 were identified
for collection of river samples.

At each spring and river sample location, a 1-1iter grzb sample was
collected in a 1-liter poly bottle. In most cases, spring sample con-
tainers were filled directly from the spring discharge., WKhere {t was nec-
essary to sample springs with Tow flow rates, a depression was dug in the
bank from which water was scooped and transferred to the sample container.
The potential for cross contamination in these cases was reduced by rinsing
the trowel used for -"gging before and after each use and by lining the
scoop used to transfer water from the depression to the sample container
with a clean plastic bag prior to each use.
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River samples were collected from Zhe river's surface {upper 30 cm)
within 2 to 4 m ov the Hanford shoreline. At each river sample locatien,
an aliquot of water was collected for a composite sample in addition 1o the
1-liter sample. Composite samples were collected along specific sections
of shoreline to provide the large volume of water nece-~sary to perform sone
of the additional analyses discussed in Appendix B. Composite sample inter-
vals were selected to encompass the secticns of shoreline adjacent to each
onsite operating area. In addition, three composite sample intervals were
identified between Rt 27 and RM 33 to divide the ground-water plume that
originates at the 200 Areas (see Figure 2) into three approximately equal
shoreline sections. Composite sample intervals were as follows:

R 3 to 5 {100-B Area) RM 17.5 to 22 {100-F Area)
RM 5 to 7.5 (100-K Area) RM 27 to 29 (200 Area plume)
RM 7.5 to 9.5 {100-N Area) RM 29 to 31 (200 Area plume)
RM 9.5 to 12 (100-D Area) RM 31 to 33 (200 Area plume)
RM 14 to 17.5 (100-H Area) RM 41.5 to 44 (300 Area)

A1l composite samples contained 10 1iters of river water, while aliquot
voiumes ranged from 1.25 to 2.5 1iters depending upon the length of the
composite interval. To ensure the comparability of each 1-liter sample and
composite aliquot from a sampling location, water was collected in a single
grab sample and split between the 1-liter sample and composite aliquot.

At the upstream end of each composite interval, an additional 1-liter
grab sample was collected at the approximate middle of the river channel.
These samples were intended to provide indications of concentrations in the
river away from localized influences near the Hanford shoreline.

Sample collection was conducted by shoreline section as follows:

RY 3 through RM 12 was sampled December 18, 1982.
RM 14 through RM 33 was sampled January 22 and September 11, 1983,
RM 33 through RM 44 was sampled December 20, 1982.

The shoreline between RM 14 and KM 33 had to be resampled as a result
of equipment failures on January 22 which prevented collection of samples
downstream from RM 29. Although samples were collected between RM 14 and

10
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RM 29 con the original sample date, they were duplicated on September 11,
1983 to provide a consistent set of data for that section of shoreline,
Both sets of data are provided in this report.

ARALYTICAL METHODS

Samples collected between RM 3 and RM 40 were analyzed for tritium
(3H) and nitrate (H0§) while samples collected between RM 40 and RM 44 were
analyzed for nitrate and uranium. These are the primary constituents moni-
tored by the Hanford Ground-Water Surveillance Program in those specific
areas. Additional analyses performed on selected samples are described in
Appendix B.

Following collection, samples were prepared, as necessary, prior to
delivery to the lab for analysis. A 200-m1 aliquot was drawn from each
sample for nitrate analysis. Each aliquot was poured into an acid-rinsed
plastic container, preserved with acid, and refrigerated. The first set of
samples, collected December 18, 1982, was spiked with buric acid, as pre-
scribed in the procedures for the nitrate electrode analytical method.
Difficulties with the nitrate electrode led to selection of the brucine

method which prescribes a sulfuric acid spike. A1l samples collected after
December 12, 1982 were spiked with sulfuric acid. No sample preparation

was required for samples requiring radiclogic analyses. A1l samples were
delivered to the analytical laboratory within 24 hours of collection.

A1l analyses were performed by United States Testing Co. according to
their standard methods. Samples analyzed for tritium were distilled and
the distillate counted directly using a 1iquid scintillation spectrometer
with a minimum detectable concentration (MOC) of 300 pCi/r. Uranium was
extracted from nitric acid into ether, the ether phase evaporated, and the
residue was plated on a stainless steel planchet for counting with a low-
background gas flow proportional counter. The MOC for uranium analysis was
0.5 pCi/2. Colorimetric techniques were used to measure nitrate after it
had reacted with brucine. The MDC for nitrate analysis was 0.02 ppm.
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RESULTS

Forty-one spring and 57 river samples were collected and analyzed for
nitrate and tritium. Samples were collected from six springs and six loca-
tions in the river and analyzed for uranium and nitrate. Ten composite
samples were constructed from aliquots of river water collected along sub-
sections of the shoreline and analyzed for the same materials. The results

‘of these analyses, as well as details of sample collection, are contained

in Appendix C. Additioral analyses performed on selected samples are
described in Appendix 8.

Table 1 provides a romparison of tritium concentrations measured in
springs, in ground-water monitoring wells adjacent to the spring locations,
and in the Columbia River. The concentrations in spring discharges ranged
from levels comparable to those found in nearby wells to levels less than
the analytical detection 1imit. Concentrations in composite river samples,
alse shown in Table 1, reflect the localized effects of ground-water dis-
charges within those sections of shoreline where ground water and spring
concentrations were elevated. Along shoreiine areas where concentrations
of materials in the ground water were relatively low or the number and

magnitude of spring discharges were small, concentrations in the composite
samples were comparable to those measured upstream from the site. Cencen-

trations measured in samples collected near the middle of the river channel
did not indicate any substantial increases relative to concentrations mea-
sured upstream from the Hanford Site. In no case did measured concentra-
tions exceed applicable DOE Concentration Guides (USDOE 1981).

Although an attempt was made to sample under conditions that would
maximize concentrations in springs on the river shoreline, the data pre-
sented in Appendix C are not estimates of maximum potential concentrations
in the springs or river. Nor should they be interpreted as necessarily
being representative of average conditions. The factors influencing the
composition of spring discharges are complex and interdependent. The data
contained in this report are specific to the conditions which prevailed
during sampling and represent a single point on what is 1ikely to be a
broad distribution of potential concentrations.
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TABLE 1. Comparison of Tritium Concentratfons in Hanford Shoreline and

Columbia River Sampies
Shoraline Concentratian(a), pCije River COncentration(a) 1/t
Shorei ine Tompos e Tdrirer—lrortie-

oWpOS pstre
Subsection Holl(b) Spring Sample Sample Sa-plei:)

RM 3-5 4,770 5,900 600 100 100
RH 5.5-7.5 49,000 5,500 1,100 300
RM 8-9.5 48,700 38,000 X 2,700 150
RM 10-12 14,000 80 830 200
RM 14-17.5 64,500 4,000 153 65
PH 18-22 1,900 270 143 130
RM 22-27 115 530 (e} (e)
RM 27-29 230,000 110,000 12,300 107
RM 29.5-31 {¢) 2,700 2,100 {(f)
M 31.5-33 {¢) 570 430 (f)
RM 33-40 23,000 1,200 (e) (e

SR, Tt e ek b o e O 0 b iy o o 2

{a} Haximum 2nalytical result measured. To be compared to DOE Concentration % ide
(USDOE 1981) of 3,000,000 pCt/s.

(b) Maximum single measurement from any nearby nonitorigg well during 1983. (Data
and analytical methods reported in Prater et al, 1984.)

(c) Average of concentration in samples collectazd from the Columbia River at Priest
Rapids Dam dyring 1983 (Price et al. 1984),

zd} No ground-water monitoring well located adjacent to this section of shoreline.

i e} River sanpling not performed along this sectfon of shoreline (see discussion of

g B samp!ing methods).

! (f) Samplc not ¢o)lected.

i

v~:

Concentrations measured in samples of river water can be compared to
average concentrations measured in the Columbia River upstream and down-
stream of the Hanford Site during 1983. These annual average upstream and
downstream river concentrations are (Price et al, 1984):

_ Upstream Downstream

Tritium 100 = 26 pCi/t 130 2 28 pCi/2

Uranfum  0.27 + 0.08 pCi/e  0.50 + 0.15 pCi/e
Mtrate  0.23 : 0.04 ppm 0.27 + 0,08 ppm




Heasured concentrations of tritium, nitrate, and uranium fn spring and

river samples collected between RM 3 and 12, RM 14 and 22, RM 27 and 33,

and RM 41 and 44, and their locations in relation to operating areas and

facilities on the Hanford Si‘e, are depicted in Figures 3 through 6 respec-
, tively. Additional results for 90Sr, 99'rc, 1291 and gross beta are dis-
1 cussed §n Appendix B. '
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CORCLUSIONS

Data rcollected during the course of this study complement the informa-
tion obtained through routine monitoring of the ground water and Colusbia
River at the Hanford Site. The Hanford Ground-Water and Surface Environ-
mental Surveillance Programs have documented:

® the movement of Hanford-related materfals in the unconfined aquifer
and their presence at the Hanford shoreline of the Coluabia River
(Prater et al. 1584), and

¢ the negligible downstream impact of ground-water discharges
into the Columbia River (Price et al. 1984).

The results of this study have provided additional information regard-
ing the location and characteristics of ground-water discharges from the
Hanford shoreline. As illustrated in Figures 3 through 6, the predominant
areas of ground-water discharge were in the vicinity of the 100-N Areaz, the
old Hanford Townsite, and the 300 Area. However, the volume of ground water
entering the river at these locations was very small relative to the flow
of the Columbia River.

The results of this study also indicate that monitoring the unconfined
aguifer is the most effective method of monitoring ground-water discharges
to the Columbia River. Because the majority of shsyeline springs are acces-
sible only during periods of Tow river level, routine access is not possi-
ble. In addition, river water can wmix with ground water and produce diluted
concentrations in spring discharges.
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APPENDIX A
SHORELINE INSECTION AND SPRING LOG

Inspection of the Hanford shoreline between RM 3 and RM 44 was accom-
plished in nine days. A log of the river-bank springs observed and recorded
durfng these inspections is provided in Table A.1, Datly averaged Columbia
River flow rates measured in cubic foet per second (cfs) that were recorded
at Priest Rapids Dam for each of the nine days were as follows:

Flow Rate,
Daty cfs

11-04-82 102,000
11-11-82 102,000
11-12-82 94,000
11-.15-82 100,000
11-17-82 80,000
11-19-82 73,000
11-24-82 112,000
12-27-82 106,000
01-03-83 119,000

Actual flow rates during the inspections, which began at approximately
8:00 a.m., or eartier, each day and were terminated by rising water by mid-
day, were substantiaily lower than these daiiy averages. The mean annual
flow rate of the Columbia River during 1982 was 140,000 cfs.
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TABLE A.1. Shoreline Inspection Record
River Mile Spring Inspection
Location Designation Date/Time Description
3 31M 1-17-82/7:20 .0, 10.9°C, soderate to heavy flow, USH) eng of scal) ttet,
25 1t US from rails extending into river, 10 ft from ri-
ver's edge, cobbles and bovlders
3-18 7:38 11.3°C, Tow flow, 100 ft BS"') 3-1A, 5 ft from river's -
- edge cobbles and boulders
L3 3.2 8:00 6.°°C, moderste to heavy flow ta middle os RiFTow suddy .
inlat extending inland, 173 miles DS KMIC) 3, 10 £ from
river's edge cobbles and boulders elther side inlet
3-3 5:15 8.0°C, very 1ow flow, in elongated depression-rocks piled
on either side, flat bank
3.5 3-4 B:45 6.0°C, very low flow, drainage area behind peninsula
3,75 3.5 9:00 16.4°C, heayy flow, In secondary smell inlet inside
p:alnsuh. esanates from row of cobdle, below no trespass
sign ,
3-6 9:05 21.9°C, heayy flow, 150 £t DS 3-5, sandy area small gravel,
percolates from sandy sofl underlain by gravel, 6 ft from
) river's wdge, below sign *1*
3.9 4-0 11-11-82/7:00 a.m. 21.0°C, heavy flow, broad cobble shore, 100 y GS B intake
J— 00 y US R 4, pools and 1ighter flow in area 16-19°C,
flow within intake rip rap
G 4.2 4-) 1:20 18.2°C, Mavy flow, inside concrete lined cutfall,
emanating from crack 6 y below rock backfill
e 4,25 4.2 7:35 23°C, heavy flow, 50 y US from 2nd 100 Area B outfal) and
PAL TLD, Emanates from cobble right at river level.
5.0 5.1 1:16 11.2°C, modarate flow, area 100 y wide near river's edge,
o cobble small to medivm, 50 ft DS RH 5, :
5-2 7139 14.2°C, moderate flow, 70 ft ares of rocky shore, several ¥
b 3l percolating springs, 250 y DS RN 5 L
5.2% 5-3 7:56 10.9°C, tow f1ow, small trickle in rocky shore near river's e
o0y edge, 100 y 0§ 52 between 5-2 and pump house 8
£
S-4 8:09 17.3°C, moderate flow, seversl smal) springs at river's A
o edge, 60 ¥ 0S 5.3, ] 3
5.6 5-4A 11-12-82/8:51 a.m. 12.3°C, Yow fiow, 100 ¥ OS pump station
i 5-5 6:58 10.2°C, moderste flow, 50 y DS 5-4A, percolating _
5.9 5.6 7:20 12.8°C, moderate flow, continucus to RH 6 {50 y)
6.0 6-1 ny» 12.9°C, moderate flow, percolating continwous for 50 ft, a
150 y DS RN 6
6.2 §-2 7:49 10.1*C, low flow, percolating stream, 75 y US boat R
launch area, e
6-3 8:28 3.8°C, tow flow, 75 y DS 100-K est intake
s.2 1-0 7:00 13.2°C, heavy flow, inside narrow inlet entending ialand

10 y from river®s edoe, 200 y DS 100-X East iptake, inlets
surroundtd large boulders and cobble - 20 ft DS is another
inlet, low flow 12.0°C

6.9 7-1 130 11.9°C, moderate to low flow, eranating from small boulders
at DS inTet from small paint, & ft from river's edge, 100 y
S s anothar arcs tow flow 12.5°C lat mM 7)
- Upstream
Downstredm
River Bile

a
b
(3

_...A2




an e

Ll
e

Location

7.0

1.5

8.2%

5.6
8.75

.25

14.5

14.5

15

15.25

TABLE A.1.
Sprt Inspection
Desigmation 1‘“" Date/Thay
7- 7:40
7-2 8:12
7-3 82
7-4 8:435
81 128
8.25-1 11-17-82/9:45
810 T:48
g1 71:53
2-12 8:03
&13 0:00
) :38
2 8:48
$-3 [ H3]
-4 9:0}
31-1 1-3-83/8:50
144 12-27-62/9:13
13-5 9:07
150 a:s
15-4 9:00

{l US - Upstream
D5 - Dowmstrean
c) M - River Mile

Shoreline Inspection Record (Cont'd.)

Dezeription

Te e Vo b s Gk

a..,

l:.t‘l:. ."!ﬂ' $ y from river's dr cobble nd boulders,
7, on small poist - 10 y D5 13 2nd ares
vy flow 13.0°C - 30 y ns Is 3rd trea bitvy fiew 14.6°C,
. !t from r‘lvv' total 3S 7-1 4th avee 15.1°C,
road arme (Cin:t‘l: below K-19 sl )-wmmbered
wall -m -ur ln t hore, ~ at K tresch o, brodd
area, Tow flow 12.2°C (M sits sign) - 8:10 a.m.

15.4°C, sedorate flsw, ares 15 ft wide, smal? ialet at 03
ond of degrassed K-Trench everflow aree, & i frem river's adge

13.2°C. mederate flow, 100 ft U5{2) np trespess sign, 10y
fres river's - 15.!‘c below me trespass sige rut'l ft DS
from 7-3 {; tten flow DS from 7-3

11.8°C, very Jaavy flow, forms small pool, bewlder ares 15 ft
from river's edoe, baak broad and flat

12.0°C, low fiow, tn grooves perpend

from river's odge, flat cobble shore, 500 y DS MM 8 - §0 It
DS 8-1 12.2°C, percolating vertically from Mle between vocks
2ﬂ:fr-rlnrsdr- :30 a.m. 11.9°C below mo trespass
sign 5 ft from river’s

9.6°C, moderate flow, susastes bensath bewlders 10 ft from
river's edgt, md arownd spring, wmill pool

15.5°C, medevate flow, contineous for 75 y, 30 y U5 100 N intake
17.6°C, Mavy flow, 23 2 05 (W] TLD, below smokestack, 100 y
05 1ntake

fcular to river, 15 ¥y

20.2°C, heavy flow, below mo trespass sign amd tresch

20.5°C, doavy flow contimmens 25 y and 75 y DS, 100 fr US
from sawple shack, 100 y 03 from §-12 ather tasperatwres 24.4,
28.7, and 25.6°C at orange Tock 25 y US shech and 64 Tt from
r:v:::.n” 8-13 continues past Nt 9 = highest ditcharge
8

fi;:ci” pH .ﬂoguh!;l narks end of comtiswows area from
II.I‘;:. noderate flow, 150 ft 05 9-1

19.7°C. haavy flow, i50 y DS 9-2, uge poel, comtimous 30 y
16.7%C, mavy flow, contimous 25 y

11.5°C. heavy flow mesr river Tevel, 200 ft 05 MR 12 At 05
edoe of concrete outfall, river rising

Distriduted Mavy fow coatiswows from MY 14.25 to rocky
point at W 14.5, broad flat rocky bDeach - saad beach below
river level, located behind isTand and balow row of Lrees oa
bluff, 14-4 marked in red om rocks

Moderate to low flow lemedistely around rocky poiat DS of
IH. emsating from rocks above broad flat samd beach,
mrked In red oa rocis

9.3°C, moderate flow from marrow sandy beach below
vegetation behind and fow feet IS BN 15, percolation from sand

6°C, vary Tow flow, 40 ft dowm from concrete 3l1ab 70 ft IS
from besd In H Ares fesce
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Shoreline Inspaction Record (Cont'd.)

Inepection
—OyteiTing

TABLE A.1.

Spring

E

Depcription

1.3°C, hewvy Tiow, Jut 357°F beot reep

Deatguazion

. o)

Secytien

1:4
! u.mnm-ﬂnanmn‘ﬂv.ﬂ.ﬂ *

25.75

5.2

8
2

-3

b %3

12:8

F: N

7.8

3

72

7-3

s

12.2°C. large poul 58 2 et

2.y h 0S5  frem
ﬂ-mﬁWfsn'

sl iS5 frae M 29
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wide

1

233
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lgn, Duried pige ovd tinber 3Crecs Mle o bk
12.3°C. seturatad sud and siit, an flew ot swrface

2.5

i3

.73

11.7°C, fetarnittmt satwated srens MO y 05 0 20
12.9°C, o flow. mrvem thore, 138 y 33 0 30

w2

»9
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»e

12.0°C, wry Tow fTos, 100 y B3 AW 37, nasmrens poiiaies
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02

n

n-:

ne

sstwrated sree, Tecsted bekiod puiwt 1 bech shiy. »e
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n-z

na

ns
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e
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APPENDIX B

ADDITIONAL ANALYSES

In addition to the analyses described in -the Phase 2, Sampling and
Aralysis section of this report, selected samples were aralyzed for 9oSr,
1291, 99Tc, and gross beta. These analyses are discussed in the sections

that follow.

STRONTIUN-90 ANALYSES

“Septenber 11, 1583, between B 14 and RM 33, in response to public inquir-

Analyses for 9‘,Sr were performed on composite samples of river water
collected between RM 3 and RH 22. Because this znalysis requires a
9.5-1iter sample, individual spring and river sanples were not analyzed for
9°Sr. Resulis of these analyses, listed in Table B.1, are consistent with

the results of other analyses performed on samples collected in these areas,

in that the highest concentrations were observed in shorelire 2reas known
to be in contact with Hanford ground water.

10DIME-129 ANALYSES

Analyses for 1291 were performed on four spring samples and two large-
volune river samples collected between RN 27 and B# 33. lcdine-129 is a
constituent of the ground-water plume that crigirates in the 200 Areas and
is thought to be discharging 12%I to the Columbia River along this section
of shoreline. For the purpose of these analyses, additioral 10-liter sem-
ples were collected from springs 27-1, 28-2, 31-5, and 32-0. Two large-
voiume river samples were collected at RM 27 and RW 29 by pumping 100
1iters of water through mixed resin ion exchange colums. The results of
these analyses are Tisted in Table B.2. As with 9('Sr, the results are con-
sistent with other amalytical results cbtained from samples in this area.

GROSS BETA ANRLYSES

6ross beta analyses were performed on spring samples collected

B.1

o




fes about ground-water discharges via river-bank sprirgs. The apalyses
were performed on January 6, 1984 using water remaining in each sanple after
analyses for tritium and nitrate had been performed. Results of the gross
beta analyses are 1isted in Table B.3.

TECHNETIUM-9 ANALYSES

In addition to the 1291 tnzlyses described above,‘?g‘l‘c analyses were
performed on the 10-liter samples collected from springs 27-1, 28-2, 31-5,
and 32-0. These analyses produced results that were consistent with the
1291 and other 2nalyses performed on samples collected from these springs.
Results of 99‘l‘c analyses are listed in Table B.4.

B2




TABLE B.1. Strontium-90 Analyses frem Columbia River Samples

River Rile Sample Date Concentration,

Location 1 Collected _ pCi/t 320
3.0-5.0 B comp au{®)  ouyz2/83 055 2 0.23
5.5-7.5 K Comp RM 12/18/82  0.18 + 0.02
8.0-9.5 N Comp RM 12/18/82 28 + 0.47
10.0-12.0 B Comp RY 12/18/82 1.1+ 0.05
14.0-17.5 W Comp RW 01/22/83  0.50 = 0.14
18.0-22.0 F Comp RN 01/22/83  0.93 : 0.15

Upstream Columbia
River Concentration

{Average 1983) 0.18 + 0.22
POE Concentration
Guide (USDOE 1981) 300

{a) Conp-RN denotes composite river water sample comprised of
aliquots from immediately preceding river sample locations.

TABLE B.2. lodine-129 Analyses from Spring and Columbia River Samples

River Hile Sample Date Cancentration,

Locatian 1D Collected plils *20
27.0 7.0 ul?)  ou2zs83 2311075 : 1.4x1078
27.0 271 5 goyryms 1.6x07% : 2.2x1070
28.0 28-2 Sp 09/11/83  6.2x18° + 6.8x107°
29.0 29.0 AW 01/22/83  6.3x10"° + 5.0x10"°
31.75 31-5 Sp 09/11/83  3.0x107 + 4.0x107°
32.5 32-0 sp 09/11/23  4.8x1070 » 2.7x1070

Upstream Columbia
River Concentration -5 5
(1983 Average) 2.3x1077 » 2.6x10

BOE Concentraticn

- Cuide (USDOE 19861) 6o

a) RN denctes compasite river water sample.
{b Sp denotes river bank spring sample.

B.3




TABLE B.3. Gross Beta Analyses from Spring Samples

River Rile Sample Date Concentration,
Location 1D Collected pCi/2 220

14.5 -4 5p®  goynyysz 25:18

15.0 15-0 Sp 09/11/83 3.2+ 2.0
} 19.0 18-3 Sp 09/11/85 12+ 2.8

22.75 22-4 Sp 09/11/83 4.6 +2.0

23.6 23-4 Sp 09/11/83 0.46 = 1.6

Kanford Stough 25-2s Sp 09/11/83 3.9+ 1.9

25.5 25-3 Sp 09/11/83 0.21 + 1.3

26.2 26-1 Sp 09/11/83 2.2 1.7

27.0 27-1 Sp 09/11/83 0.26 = 1.6
3 27.5 27-3 5p 09/11/83 35+ 4.4
g 28.0 25-2 Sp 09/11/83 3.0 1.7
IR 28.5% 28-4 Sp 09/11/83 9.8 = 2.6

30.0 30-1 Sp 09/11/83 5.0 = 2.1
1= 31.0 31-1 Sp 69/11/82 1.0 = 1.8
g 3175 31-5 Sp 09/1/83 - 2.6: 1.8 »
i 32.5 32-0 S» 09/11/83 0.26 + 1.4

33.0 33-1 Sp 09/11/83 26 + 3.9 e
(R Upstream Columbia .

River Concentration '
1" {1983 Average) 6.1+ 22 £
$o DOE Concentration o
* Cuide {USDOE 1981) 3,00¢ -~

e (a) Sp denotes river bank spring sawpie.




!

TABLE B.4. Technetiom-99 Analyses from Spring Samples

River Hile Sample Date Concentration,
Location 1D Collected yCi/s 220

27.8 27-1 5p'®) o183 0.04c x 0.005
28.0 28-2 Sp 09/11/83 43 = 2
31.7% 315 Sp 0971183 0.012 = 0.003
2.5 32-0 $p 19/11/83 0.065 = 0.007
Upstream Columbia
River Concentration (®)
(1983 Average) NA
20f Concentration
Guide (USDOE 1981} 200,00

ta) Sp denotes river bank spring sample.

b) Kot analyzed.
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TABLE C.l.

Samole Collectlon

Summary of Sample Collection and Analytical Results

Analyses

Sample

Sample 1D Slze

Date/Tine
Col lacted

%n,
pCI /L 420

3.0 et 1"

3,0 re'S? 12
12
3-1A Sp 1"t
3.5 RW 1£
1L
33 S "
4,0 R 1t
1L
4-0 Sp 1t
4-1 Sp 11
4-2 Sp it
4.5 Ru 12
] 4
5.0 R¥ ] 2
1L
B compe R'(o) 1"

-}

5-1 Sp 12
54 Sp [§ A
5.5 BKG 1} 4
5,5 i 12
5-4A Sp J 2
6,0 R it
61 Sp 1®
6,5 R 1L
7.0 RW 12
7-1 Sp "

(a=f) Key found at end of table

12-18-82/0745
12-18-82/0745
01=22-83/0800
12-18-82/0756
12-18~-82/0800
01-22-83/0900
12-18-82/0804
12=-18-82/0815
01=-22-83/0330
12-18-82/0818
12~18~52/0820
12-18-62/0821
12~18-82/0841
01-22-83/1000
12-15-82/08435
01-22-83/1030
12~18-82/0500
01-22-83/1030
12-18-82/0848
12-18-82/0500
12-18-82/091%
12-18-82/0908
12-18-82/0909
12+18-82/0915
12~18-82/0913
12~18-82/0925
12=18-82/0933
12-168-82/0933

(1,05¢107 & 1.83x10 )“

(2.73x10° & 3,010°)
2.97x10° & 2, 15x10°
(2.60x10° & 2,85x10°)
(2.51x10° £ 2,64x10%)
(2,09x10% 2 2,14x10%)
5.50x10% & 2.60x10°
(1.61x10% & 2,40x10%)
2.70x10% & 2.14x10
(1.10x10° & 2,27Tx10°)
5.92¢10° & 3.82x10
5,81x10° & 2,89x10°
3.8530% & 3.27x10°
(9.10x10" & 2,11x10%)
(2.80x10% & 3,9610%)
16.30x10" 2 2,21x10°)
5.97x10° & 40510
(8.20x10" 3 2.11x10%)
6.39x10% & 5,13x10
B.7Ix10% & 30310
3.09x10° & 2,78x10
(3.26x10" & 4,04x107)
8.73x10° & 3,32x10
(2.77x10° & 4,88x10°)
5,49x10° & 2,87%10
1.28x10° & 2,30x10
3.50x10° & 2,71x10
1,40x10° £ 2,32x10

NN RN RNNMNNNNNNN

NOC.

"y

u,
pCI/L & 29

Comments

0.26
0,53
0.7
t.28
G.31
0,656
0,18
0.22
1.24
7.84
0.75
1.68
3.%8
0.97
0.53
.00
0.44
0,93
.44
4,43
0,44
0.18
0,80
0.09
0,50
0.40
0,58
0,40

6,2°C mid river
2t for B comp,

9.0°C
2‘ tor B COmp o

1.6°C
2t for B comp.

18.2°c
17.2°C
20,1°C
2 2 for B comp,

2 £ tor i comp.




P L e

Comments

TABLE C.l. (contd)
Samnle Collection Analyses
River Mite'® Sample  Dato/Tine 3, NO,, 9,
_location  _ Seple D  Size _Collscted ____pCM/EWa. pok __pCl/L % 2o
7.5 7.5 7S 18 12-18-82/0938  (1.85x10° & 1.94x109 "7 0,62
X cosps RN 108 12-10-62/0938  1.13x10° & 2,96x10° 0,13
8.0 8.0 xs'® 16 12-18-62/0948  1.49x10° & 1,38x10° 0,09
8.0 R% 18 12-18-62/0945  1,33x10° & 2,31x10° 0.35
81 5'? 1 12-16-82/0385  3.97x10° & 2.66x107 0.4
8.5 8.5 R 18 12-18-62/0952  3.10x10% & 2,81x10° 0.18
8-10 $o 1 12-18-82/0952  4.86x10°  2,81x10° 1,02
9.2 9.0 Ré 1 12-18-82/1001  4.43x10° & 5,50x10° 134
9-0 Sp 1£  12-18-62/1001  3,85x10° & 5,54x10° 10,4
9.25 o4 Sp 1 12-18-82/1007  2,24x10° & 3,39x10° 3.54
9.5 9.5 RY 1 12-18-82/1016  T.6ix10° & 2,01x10° 1,37
N comp. RN 0L 12-18-82/1016  2,71x10° & 2,53x10° 124
10,0 10,0 B8 16 12-18-82/1025  2,04x10° £ 1,83x10° 0,44
10,0 R 1 12-18-82/1021  8.30x10° & 1,49x10° 1.99
10,5 10,5 Ry 1 12-16-82/1133  3.14x10° & 3,01x10° 0,22
1.0 1.0 R 12 12-18-82/1137  3.10x10° & 2,52x10° 0,24
11-1 $p 14 01-22-83/1230 (8,00x10] & 2,11x109) 11
1.5 11,5 Re 1L 12-18-82/1142  (2.49%10% & 2,59x10°) K
12,0 12,0 Ry 18 12-18-82/1148  2,96x10° & 2.19x10° 0.18
D coxp. RN 104 12-18-82/1148  8,29x10° % 3,26x.(0" 0.22
14.0 14,0 BXG 18 12-18-82/1200  4,74x10° & 2.39x1
1 01-22-83/0739 (4,90x10° & 2,11x10%) 0,66
I8 09-11-83/1640 (6,46x10} & 2,03x10°) 0.03
14.0 R 1 12-18-82/1200 (1,56x10° £ 1,89x100) 0,31
1 01-22-83/07T45  (6,30x10] & 2.11x100) 0,26
1L 09-11-83/1637  6,03x10% & 2,11x10 0,10

ta=t) Xey found at end of Table.

2 1 for X comp,

6,1°C ald river
2.5 L Ve N comp.
1),1°C
Ze5 £ for W comp.
15.2°C
2.5 £ for N comp,
0%C
16.1°C
2,5 £ for N comp,
2.5 L tor N comp,

2 £ for D comp.
2 2 for D comp,
2 £ for D comp,
8,1°C

2 £ for D comp,
2‘*«0“0

6.4°C
4,3°C
18,4°C wid river

t.5 £ for H comp,
I.SQMHm.
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TABLE C.l. (contd) .
Sample Col laction Analyses
& Riyer Mite'® Soepte  Date/Time >, NO,, v,
Location Sample D _Size. _Cotlected sCI/L 420 ook, _ oCI/8'# 20 Comments
: 14.5 145 ae'® 1 01-22-83/0620 (~1.70x10" & 2,10x105) ') 0,44 1.5 £ for W comp.
L 1L 09-11-83/1634  (1,30x10° « 2,04x10%) 0,15 1.5 & for H comp.
SRR -t ' 18 12-27-82/0920  1.21x10° % 2,20x10° 1,06
1L 09-11-83/1630  4.05x10° & 2,74<10° 2,36 13.9°C
15,0 15,0 R¥ $8  01-22-83/0835  3,89x10° & 2,16x10° 0.4
1L 05-11-83/1620  (3.19x10" & 2,02x10%) 0,25 145 & for H comp.
15-0 Sp 1 12-27-82/0840  5.80x10° & 2,18x10° 5,75 1.5 & for H comp, .
I 01-22-83/0843  4.51x10° # 2,17x10° 1,55 7.2°C
1L OS-11-83/1622  2,12x10° % 2,03x10° 0,46 19,3°C
15,5 RY i 01-22-83/03%0  (1,62x10° £ 2,11x10°) 044 1.5 & for H comp.
I 09-11-85/1614  2,34x10° & 2,04x10°  <0,02 1,5 £ for H comp,
- 16,0 R¥ 1. 01-22-83/08%5 (=8,00x10° & 2,10x10%) 0,58 " 1,5 8 tor H comp,
W 12 09-11-83/1609  3.49x10° & 2,06x10° 0,43 1,5 £ for K comps
16,5 fod 1 01-22-83/0901  (9.80x30" & 2,11x10%) 0.31 1,5 £ for H comp.
15 09-11-83/1606  2.45x10° & 2,06x10° 0,15 1.5 £ for H comp.
17,0 RY 1 01-22-83/0939  (1.72x10° & 2.12x10°) 0,44 1.5 2 tor H comp.
1 09-11-83/1648  (1,35x10° & 2,01x102) 0.20 1.5 £ for W comp.
17,5 R 18 01-22-83/034%  (5,30x10° % 2,10x10°) 0,44
1 09-11-83/1600 (5.36x10' & 1,99x10%)  <0,02 1.5 £ for H comp.
Hocomp. RIC®? 108 O1-22-83/0939  (1,53x10° £ 2,12x10°) 0,66
100 09-11-83/1657 (-3.68x10" 2 1,97x109) 0,15
H Slough=R¥ I 01-22-83/0847  (3.30x10" & 2,10x10°) 0.22 slddle of sicegh
18 09-11-83/1538  3.9%¢10° & 2,87x10° 0,02
18,0 Bxg'® 1L 01-22-83/0953  (1,30x10) 2 2,10x10%) 0.80 4.4°C wi¢ river
1L OS-11-93/1535  (1.51x10° & 2,04x10°) 0,05 10.4°C nid river
18,0 ¥ 18 O1-22-85/1100  (6.70x10' & 2,11x10°) 0.44 1.5 £ for F comp.
1L 05-11-83/1522  {1.75x10° & 2,04x10°) 0,23 1.25 & for F comp,

(a~f) Key found at end of table.

Bt Chio o O Rk s S
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River Mlle
Locatlon

18,23
18,3

19,0

19,5
20,0
20,3
21,0
21,5

22,0

22,73

23,6

(a)

Hantord Slough 25-28 Sp

Hantord Slough Hanford Slough=RW

{a=t) Koy found at end of tadle,

9 ! AT T
TABLE C.l. {contd)
Sampie Collectlon Analyses
Semple ID SgRe  Ooliectes pCI::'gg mgé' glgug't 2g

18~1 559 1L O1=22-83/1100  (1.58x10° & 2,13x10%) ") 0,68
18,5 re'® 10 O1-22-83/1113  2.42x10° & 2,13x10° 0ot
I 09-11-83/1515  (1.31x10° & 2,04x10°) 0.2¢

19,0 R¥ 1L 01=22-83/M127  (1.99x10° & 2,13x10%) 0,26
1L 09-11-83/1450  2.10x10° & 2,03x10° 0.10

18-3 Sp 16 01-22-83/1127  2.69x10° & 2,14x10° 0,08
1L 09-11-83/1448  2.56x10° & 2,04x10° 177

19,5 R 1 O1=22-83/1134  2,33x10° & 2,14x10° 0,44
1L 09-11-83/1435  (2,00x10° & 2.03x10°) 0,03

20,0 R ) 01-22-83/1142  (1,66x10° & 2,12x10°) 0,44
15 09-11-B3/1431  (1.92x10° & 2,03%10°) 0,16

20,5 RN 11 09-11-8/1427 (=6.87x10' & 1.97x100) <002
21,0 RN 1L 09-1-83/1410  2.54x10° & 2,06x10° 010
21,5 RY 15 01-22-83/8640  3.3710° g 2,15x10° 0,66
1 05-11-83/1416  (1.23x10° & 2.04x10%) 0,2

22,0 R W 0122-83/1625  2,85x10° & 2, l4x10° 0.66
221 Sp 1 01=22-83/1620  (2,11x10° & 2,13x10%) 0,86
F oo, RITY 108 01-z2-83/1640  (1.43x10° & 2,14x10°) 0,68
100 09-11-83/1522  (4,38x10" & 2,00x107)  <0.02

22-4 $ 1 01-22-83/1610  3.13x10° & 2,08x10° 0.88
16 09-11-33/1343  2.5%10° & 2,06x10° .87

234 Sp 1 0S-11-83/1335  2,22x10° & 2.03x10° 0,38
1L 01-22-83/0810  2.66x10° & 2,05%10°  5.93

1 09-11-83/1315  (6.63x10] & 2,00x10%) 0,35

14 01-22-83/1540  2.62x10% & 2,14x10% 1.3

15 09=11-83/1317  3.33x10° & 2,08xI0° <002

Commants

5.0'C

1.5 & for F comp,

1.2% & for F comp,
143 & tor F comp,

1,25 £ for F comp.
4.9°C

17,7°C

1.2 & for F comp,

1,25 £ tor F comp,
te3 & tor F comp,

1.,2% £ tor F comp,
1,25 £ for F comp.
1,23 L for F comp,
1.3 £ for F comp,

1,23 £ for F comp,
1.5 2% tor ¥ comp.

&.1'C

6.3°C

17.4°C

17.3°C

12,3

23,3

Collected from shors,




TABLE C.1. (contd)

Semple Coltsction Anatyses —
()
Mettle  _swsien (5 _BNNGIS ___ailm__r_ b _outlazg Commants
25,3 251 ' 14 01=22-03/13%0  3,80x10° & 2,06x10 0, 7.0°C
25,8 25-3 S 12 01-22-85/0843  3.10x10° & 2,06x10 0456 4.5°
18 09-11-83/1%0  5,34x10° & 2,10x10 0,47 17.7°C
25.8 25-4 % 1L 01-22-83/1710  (1,36x10° & 21110051 7.1%
28,2 261 % 15 01-22-83/1013  3,21x10° & 2,06x10 1,33 4,9°C
1 09=11-3n245 (8, 18x10" & 2,08x10%) 0,55 21,4%C
27,0 27,0 exg*® 16 09=1-05/1225  {1,07x10° & 2,01x10%) 0,09 17,4°C mi¢ river
27,0 ru'® 1L 01=22-83/M27  (=4x10° & 2,10x30°) 0,73 2 £ for27/29 comge
15 09=H1=83/1221  (1,55x10° & 2,02x10%) 0,21 2 8 for 21/29 comp.
211 8 12 01-22-85/3125  2,92%10° & 2.08x10° 0.5 4.5
15 09=11-83/1218 s.emo: & 2.osu|o: 0,73 15,1°C
27,5 27,5 Ry 1 01=22-83/1338  1,05x10° & 3,42x10 5,53 2 L for 27/29 comp,
15 09=11=83/1200  2,76x10° & 2,%4x10° 0,03 2 2 for 27/29 comp.
27-3 S 15 01=22-83/1336  8,03%10° & 3,16x10° 1.99 8,2°C
1 ov=l1=B3/t2  9.07x10° & 9. 18x10° 3,08 16.7°C
28,0 28,0 R 15 01=32-83/1400  4,80x10" 2 6.10m107 9,82 2 & for 27/28 comp.
1L 09=41-N3/1187  6,06x10% £ 7,61x10° 1,18 2 8 for 21729 com.
28-2 Sp 1L 01=22-83/16%0  7.98x10% & 7,79x10° 16,6 TR
15 09-11-85/1150  1,10x10° & 9,95x10° 4,68 17,4°C
28,5 28,5 R 15 01-22-85/122% 1 1x10° & 2,22x10° 2 & for 21/29 comp,
15 09=11=83/1140  7.92¢10° & 3.28x10° 2,38 2 % tor 27/29 comd.
28-4 S 16 O1=22-85/1428  2,32x10% & 4,%4x10° 7,52 5.9°C
15 09-11-83/1136  9,69x10% & 9,40x10° 8.2 19,8°C
28,8 285 $p 15 0122831517 4,30x10% & 2.18x10° 1,58 new locatlcn-niddle of
S

. (a=#) Koy tound ar end of table,




River Mite!®
Location

29,0

29,5
30.0

305
.0

3D
305
320
32,9

330

3.2
38,23
4,5

4.0

.

(a=f) Koy found a* =ud of table,

TABLE C.l. [contd)
Sample Collection Analysss
3
ssmote 10 __ 3’ _ Citectes se1/8 12 _& o1/t's 20

29,0 'S 18 01-22-83/1260  (1,0010° & 2,1109 " o7

18 Gl =AIID 400100 & 2,75x108 0,24
20 5'" 1 01522483/1255  1.63010° & 2,34%10 2,85
21729 com, R 103 Qrezz-83/M30  (1,25x10° & S.eoxiohy 2,68

100 05=11-03/1221 B 710" & S.74x10° 0,38
29,5 Fw 18 09=11-83/1100  2,56x10° & 2,48x10° <002
30,0 AW 10 0=11-85/1033  2,32%10° & 2,44x10° 0,19
0=l % 15 09118371025  2,73x10° & 2,52x10° 3,44
30,5 R¥ 1 0=11-03/1012  2,75x10° & 2,51x10° 0408
51,0 R 1 05=11=83/1000  9,38%10° & 2,20x10° 0,08
3= 8% 16 05=11-83/1005  (1,57x10° & 2,02x10%) 5,28
29/31 compe RN 108 0911-03/1100  2,07x10° & 2,39x10% 0,26
31,5 AW 1 05=11-B3/0%46  6.,86x10° & 2,13x10° 0,13
=5 8 1L 0511-03/09%0  (1,90x10° & 2,02x10%) 2.64
32,0 RW 16 05=11=83/0925  4,69x107 & 2,09x10° 0.09
32,9 RY 15 09=11=83/0912  8,06x10° & 2,16x10° 0uM
32-0 I 05-11e83/0627  3.17x10° & 2,06w10° 1,78
33,0 AW 16 09-11=83/0900  (1,304107 & 2,04x10%) 0,08
3341 $p W 09=1=03/0900  3,73x10° & 2,11x10° 0.7
S1/53 compe RN 104 OB=11=83/0950  4,31x10° & 2,08x10° 0,15
3741 $p W 12-20-82/1047  119w10° & 2,30K10° 531
-1 5 I 12.20-82/1120  4,7200° & 2,30x10° 465
A1,3 RN 16 1220-82/1238 0462 0,408 & 0,143
a1 % 1 12-20-82/1238 3,98 9,03 & 5,16

~&
wid
wd

Comments

248 for 27/29 comp,

new [ocation=beach
below RM 29

2L tor 27/29 comp,

2,% 2 for 29/31 gomp,
2,3 & for 29/31 comp,
20.,4°C
2,5 % for 29/31 comp,
2,5 L for 29/31 comp,
15,8°C

2.9 L for 31/33 comp,
17.4%C
2,5 L tfor 31/33 comp,
2,3 £ for 31733 comp,
17,8°C
2.3 2 tor 31/33 comp,
17,9%C

6,7*C

6.4°C

2 L tor 41,5/44
d.c . compy )

0%



Shoreline,

(c} RW denctes river vater sample collected from surtace within 2 to 4 meters of Hanford shoreline,

(d) §p denotes riversbank spring sample,

Comants

2 4 tor 41,5/44 comp,
11,8%

13.7°C

11,2°C

11,1°C

2 £ for 41,5/44 comp,
6,6'C

17,3

2 8 for 41,5/44 comp,
2 8 for 41,5/44 comp,
1.8°C

10.1%C

2 & for 41,3/44 comg,

9 S I - A
B
TABLE C.1. (contd)
Semole Collectics Analyses
1 1] 3
ngor Hgio | l:olo M’*og‘lrn wl/tt_zc g. U-‘

42,0 42,0 Ry [} X 123=20-82/123% .12 1437 & 0,549
4= 3 12 12=20-82/123% 12.6 15,4 & 5,40

12 01=22-83/15%0 19,0 & 6,04

2,25 4z p'? It 12+20-82/1305 220 16,2 & 5,67

I 01=21=83/1500 - 8,72 § 3,00

42,9 42,5 o' I 12-20-02/1314 0,36 0,612 & 0,214
i2~4 $p ] 4 12=20-82/1504 | ) 8,35 & 2,92

It 01=22-83/131% 8,30 & 2,93
43,0 43,0 R¥ 1 12=20-82/1327 0,75 0,400 & 0,140
43,5 43,9 R 18 12«20-82/1340 0,26 0,325 & 0,114
43=1 $p 12 12+20-82/1340 1.5 12,2 4 4,26

43.8 433 12 12«20=82/1399 0,44 2.9 & 1,03
4,0 44,0 Ry 1% 12~30-82/1350 .18 0,39t & 1,37
41,5/a4 (0 108 12-20~82/13%0 0.66 0,746 & 0,261

comp, RW
(8} River mile locations based on markers Indicaring shore!ine distance downstream trom Veraits Bridge.
{b) EXG denctes "beckground® river sample collected from river surface af the niddle of the river channel awy from Hanford

{#) Compe R¥ dencres composite river water sample cosprised of aliquots from Immedistely precesding semple locations,
(f) Parenthezls enclosing @ value ndicates that the radionuciice was not detectable; 1.8, the valus was less than its
two=standard deviation (Sounting error) or the valus was negative,
ob:“:nvlrogn:ntll redioactivity Yo resuit In valuss of Zero or negative numbers dus Yo subtracting ocut Imstrumental
ground,

Tl BT ST T 7 1 T I Mt TS 311 118w o T

{IT 1s not uncowmon for individual measurements

TR =



wrwa

Co . cmir amre e Yo

APPERDIX C

SUMMARY OF SAMPLE COLLECTION
T JRD_ANALYTICAL RESULTS
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